On Anisotropic Transport in High Landau Levels. 


Anisotropy of resistance in two orthogonal directions 
has been observed since the development in 1987 of high 
mobility (5-doped GaAs heterostructures.[l] The phe- 
nomenon was brought forward in a talk by Stormer 
et aZ.[2], and by Lilly et al. and Du et aL[3] The 
anisotropy is observed both at zero magnetic field B = {] 
and at quantizing _B, and is particularly strong in an 
intermediate range of B corresponding to occupation of 
several {N ^ 3) Landau levels. The anisotropy was at- 
tributed to possible formation of charge density waves 
(CDW), specifically "stripe" and/or "bubble" phases [4] 
below temperature T ~ 1 K. 

Here we would like to point out that: (i) according 
to the edge-bulk transport models for the quantum Hall 
regime [5], the direction of low bulk conductance is ac- 
tually perpendicular to that expected naively; and (ii) 
the values of experimental " high resistance" peaks corre- 
spond to value of bulk conductance w le'^/h. 

Using the convention of [3], we chose X-axis parallel 
to the direction of high four-terminal resistance, so that 
Rxx > Ryy Then, using the approximation good for 
a long sample, we can express the two measured four- 
terminal resistances in terms of the local bulk conductiv- 
ities axx and ayy: 

Rxx ~ ^yy / i^xy") and Ryy ~ '^xx / {(^xy)^ , (1) 

where bulk conductance Yi^x ~ ^<^xxi and □ ~ 1 is 
" number of squares" . It is clear from these expressions 
that Rxx 3> Ryy corresponds to Uxx ^ cTyy] that is, high 
measured resistance in one direction {X) corresponds to 
high bulk conductivity in the orthogonal direction {Y). 

A moderate in-plane magnetic field B\\ is expected to 
mix the X and Y conduction, and thus to reduce the ra- 
tio Rxx/ Ryy = '^yyl'^xx- If the direction of the in-plane 
field is perpendicular to the direction X of lower bulk 
conductivity the effect of admixture of higher conductiv- 
ity is stronger, while the effect of mixing is weaker for 
the direction of B\\ parallel to the direction of lower bulk 
conductivity. We would thus expect the effect of the in- 
plane field be more pronounced for B\\ in the Y direction 
because Oxx ^ <yyy, consistent with the data reported in 
the preprints of Ref. 3. This analysis obviously does not 
apply to strong , where spin polarization and subband 
mixing may lead to a phase transition. 

Further, inverting Eq.(|]) for the low T saturated values 
of /?a;a;,[3] quitc remarkably, we obtain the peak values of 
conductance Y,yy « le^ /h within 20 percent for all Rxx 
peaks (i/ = 9/2 to = 19/2) for all samples. [6] This value 
seems to be systematically different from axx ~ /h 
expected for the isotropic peak bulk conductivity in the 
integer QH regime, and observed in Corbino geometry 
samples [7]. We also note that the peak values of Ryy 


correspond to lower conductance Tjxx ^ O.le'^/h; it is 
much more variable, both for different peaks in a given 
sample and from sample to sample. [3] 

Interpretation of the anisotropic transport experiments 
[2,3] in terms of formation of a pinned CDW then requires 
CDW to be pinned in the X direction (at = 0), the 
direction of lower bulk conductance. Such interpretation 
then also implies that the conduction by this CDW in Y 
direction is coherent, as in a spin-polarized one "chan- 
nel", resulting in Hyy ?» le^/h, and that the pinning is 
suppressed by a perpendicular in-plane magnetic field. 

The temperature dependence of anisotropic Rxx re- 
ported in [3] is not much different from that reported for 
the nonlocal resistance Rnl oc f3T/[exp{f3T) — 1], where 
(3 = (80 mK)~^ (second paper of [5], where the tempera- 
ture dependence was attributed to the bulk-edge scatter- 
ing length decreasing at higher T). While the similarity 
of the two temperature dependencies may be accidental, 
and certainly does not explain the observed anisotropy, 
nonetheless this fact suggests that a quantitative analysis 
of the experimental data should include analysis in terms 
of bulk-edge transport models. 
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